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ABSTKJCT  [transcribed  verbatim  from  English  original] 

Fragments  larger  than  4  kb  from  SauaAi  partial  digested  plasmid 
DNA  of  BicL  liis  thuringiensis  subsp.  kej7yae  7404  as  well  as  subsp. 
kurstaJci  HD-t  were  cloned  respectively  into  the  BamB  I  site  of 
pBRaxx,  Based  on  the  results  of  in  situ  colony  hybridization, 
radioimmune  screening  and  Veste^blot  analysis,  four  transformants 
containing  the  corresponding <^:^endotoxin  gene  and  producing  proteins 
reacted  with  crystal  protean  antibody  were  selected.  Upon 
biological  toxicity  tests,  out  of  three  transformants  tested,  the 
lysate  of  one  transformant  TK89  carrying (^5^dotoxiA_4ene  of  B.T. 
7407  and  two  transformants  TH12  and  TH48  carrying  i^JF-^dotoxin  gene 
of  HD-t  were  toxic  to  caterpillars  of  tobacco  budworm  (Bjliothis 
tssu.lt*).  This  is  the  first  time  to  have  cloned  the<:2>^dotoxin 
gene  of  B.T.  subsp  kenyae  different  in  serotype  with  the  well 
studieu  subsp.  -^rstaki.  yLey  words:  Bacillus  thuriagieosis;  DNA 
cloning,  ('^’•jtndotcxio^  ^  lY  /yA . 


Translator's  notes: 

For  bibliographic  references,  see  page  14. 

For  explanation  of  plate  [not  included],  see  page  14. 

Notes  in  original: 

The  crystal  protein  and  the  antisera  were  provided  by  Bai  Cheng,  Feng 
Xxchang,  and  Uen  Jie  of  the  Academia  Sinica  Institute  of  Zoology.  ZLang 
Shufang  and  Xie  Zhangjiang  participated  in  the  toxicity  assay.  Yang 
daozhou  of  the  Academia  Sinica  Institute  of  Microbiology  and  Li  Zhanggong 
of  the  Chinese  University  of  Science  and  Technology  participat«)d  in  a 
portion  of  the  work.  Ne  wish  to  thank  them  all  at  this  time. 

This  study  is  a  topic  subsidized  by  the  National  Science  Committee. 
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ABSTRACT  [translated  from  Chinese  original] 


Plasaids  of  Bacillus  thuringiensis  subsp.  irenyae  404  and 
Bacillus  thuringiensis  subsp.  JturstaJci  HD-i  were  isolated.  Through 
in  situ  gel  hybridization,  we  have  shown  that  the  5-endotoxin  gene 
of  B.t.  subsp.  Jceayae  7404  is  located  on  a  plasaid  about  47  Md  in 
size.  Using  the  sucrose  concentration  gradient  centrifugal  method, 
we  isolated  ENA  fragments  larger  than  4  kb  from  SauaAi  partially 
digested  plasaid  ENA  of  the  two  B.t  subspecies.  We  cloned  these 
fragments  on  the  Baa  HI  site  of  pBRazi,  and  transformed  E.cqli 
HBioi.  Through  methods  like  in  situ  colony  hybridization,  in  situ 
colony  radioiaaune  testing,  and  Western  blot  analysis,  genes 
carrying  5-endotoxin  were  selected,  as  well  as  transformants  that 
could  express  this  toxic  protein  in  S.coli.  Initial  biological 
tests  show  that  among  four  tested  transformants,  the  transformant 
TK«*,  carrying  the  ienyae  subsp.  5-endotoxin  gene,  and  transformants 
THi*  and  TH^t,  carrying  the  Jcurstaii  subsp.  6-endotoxin  gene,  had  a 
toxic  effect  on  the  tobacco  budworm  (Seliotbis  assulta) . 


Bacillus  tburingieasis  is  a  positive  Gelanshi  (transliteration]  bacterium 
that  is  able  to  fora  spores.  While  forming  spores,  it  also  produces  a  kind  of 
semi-spore  cyrstal  protein,  C-endotoxia.  A  large  portion  of  the  semi-spore 
crystal  protein  of  B. tburingieasis  has  a  toxic  effect.  In  order  to  understand 
better  and  make  use  of  this  crystal  protein,  in  recent  years,  as  the 
technology  for  genetic  engineering  developed,  several  laboratories  have 
undertaken  cloning  of  the  5-eadoCoxin  of  different  subspecies  of 
3.  tburingieasis  and  have  obtained  expression  ol  B.  tburingieasis  in  S.coli 
bacteria  [1-3]. 

The  toxic  proteins  produced  by  different  subspecies  of  3. tburingieasis 
show  differences  in  their  toxicity  and  range  of  insecticidal  capability  [4,5]. 
In  comparison  with  the  8. tburingieasis  subspecies  Murstaki  BS-i  (hereafter 
called  sirply  HD-i),  which  is  Internationally  in  the  most  widespread  use  and 
has  been  investigated  the  most  clearly,  the  keayae  7404  subspecies  (hereafter 
called  the  7404)  that  has  been  isolated  in  China  belongs  to  a  different  blood 
serum  group,  U4a4c.  Its  range  of  insecticide  capabilities  and  toxicity,  in 
comparison  with  !10<i,  are  at  times  even  higher  [4].  This  paper  reports  on  the 
plasmid  ENA  isolated  from  HD.i  and  7404,  and  compares  the  distribution  and 


position  of  5-eadotoxia  genes  in  two  kinds  of  plasaas  of  different  origins. 

The  DNA  fragment  carrying  the  ''endotoxin  gene  Was  isolated  and  cloned. 

I.  MATERIAL  A.VD  METHOD 

A,  Material 

1.  Bacteria  strains:  The  B.thurinyiensis  suhsp.  kurstaJti  HD-i  and 
ieoyae  7404  were  provided  by  the  Institute  of  Zoology  of  the  Acadeaia  Sinica; 
Th-i  7404  was  collected  and  isolated  by  the  Institute  of  Zoology. 

2,  Biochesical  reagents:  For  the  restricting  endonuclease  and  the  other 
nodified  nuclease,  we  chiefly  used  BRL  products  or  products  purchased  from  the 
Huaaei  Company.  The  staphylococcus  protein  A  is  a  Sigma  product-  The  Ka^*®I 
and  y-^^p-ATP  are  Aaershaa  products.  The  CsCl  was  purchased  fro*  the  Huaaei 
Ccapany  or  is  a  recovered  and  purified  product  of  our  own  laboratory. 

1.  The  B.thuriayzensis  crystal  protein  and  its  antisera  were  supplied  by 
the  Institute  for  Zoology. 

3.  Methods 

1.  Extraction  of  plasaid  DMA  and  in  situ  gel  hybridization: 

(a)  Extraction  of  B.  thuriagiensis  plasaid  DMA:  This  was  iapleaented  with 
reference  to  the  aethod  of  Kronstad  et  al.  [6]  for  extracting  large  plasaids. 
The  extraction  of  recoabinant  plasaids  was  undertaken  by  the  alkali  method 

[7]. 

(b)  Preparation  of  5-endotoxin  gen*  probes:  Using  an  Applied  Biosynteas 
hHA  synthesizer  w*  synthesized  Isolated  nucleotides  of  2S  nucleotides  situated 
on  the  B.  thuringiaoais  subsp.  iurstaki  HD-i-Dipel  crystal  protein  gene  EcoRI 
F  fregaent.  After  16^  polypropylene  tcyl  aaine-urea  gel  electrophoretic 
purification,  w*  used  T4  aultipie  nucleotide  stiaulatlng  enzymes  and  y-J'p- 


^t!iy»g»P<PPW! 
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ATP  to  undertake  aarking  according  to  the  aethod  presented  by  Kaniatis  and 
others  [7j .  These  marked  isolated  nucleotides  are  the  probes  used  for  DNA 
molecule  hybridization. 

(c)  In  situ  gel  hybridization.  After  electrophoresis  of  the 
D.  thuriayieasis  plasmid  DNA  on  0.3%  agarose  gel,  we  undertook  in  situ  gel 
hybridization  according  to  the  Kidd  aethou  [3].  The  probes  used  for  the 
hybridization  were  the  above-mentioned  >*P  marked  isolated  nucleotide 
fragments. 


2.  Isolating  and  cloning  of  the  enzyme  section:  About  20  pg  of 
S.thuriBffiensis  plasmid  DNA  and  0.15  units  of  SauaAi ,  according  to  the 
aanufacturer's  r<’>coamendations,  were  subject  to  partial  digestion  at  a 
temperature  of  37°C  for  IS  minutes.  After  the  digestion,  the  specimen  was 
centrifuged  for  20  hours  at  15**C  and  68,000  z  g  at  S-40%  sucrose  concentration 
gradients;  then  DNA  fragments  collected  at  positions  of  different 
concentration  were  distributed.  Each  distribution  of  10  pi  was  subjected  to 
1%  agarose  gel  electrophoresis;  the  size  of  the  DNA  fragments  was  checked,  and 
for  the  distributions  that  were  gathered  and  merged  that  contained  DNA 
fragments  larger  than  4  kb,  the  DNA  was  recovered  by  ethanol  precipitation  and 
dissolved  in  a  TS  buffer  solution.  After  electrophoresis  testing,  it  was 
estimated  that  the  recovered  DNA  concentration  was  0.2  ug/ul. 

The  pBR^ss  carrier  Bam  HI  was  digested  and  dephosphorized  according  to 
the  method  described  in  "Holecular  Cloning"  [7).  E.coli  HBkh  sensitive  state 
cells  were  prepared  according  to  the  method  of  Alexander  et  al.  [9).  About 
0.'>ug  of  DNA  fragments  recovered  by  sucrose  concentration  gradient 
centrifuging  and  0.2  og  of  pBRjtt,  with  Bam  HI  digested  and  dephosphorized, 
under  the  effect  of  T4  DNA  linking  enzyme,  were  left  overnight  for  linking 
reaction  at  4'*C.  legarding  the  S.coli  BBi«t  that  were  transformed  according 
to  the  aethod  of  Alexander  et  al.  [9],  those  which  were  transformed  were 
selected  on  an  ammonia  benzyl  penicillin  plate;  on  a  tetracycline  plate, 
transforaants  that  nay  have  bad  DNA  inaerted  from  an  extraneous  source  were 
selected. 
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3.  Hybridization  of  3.  thurzugieasis:  We  took  the  clones  that  we 
obtained  in  our  transf oraatioa  experiaents  that  were  sensitive  to  tetracycline 
and  placed  thea  on  a  anaonia  benzyl  penicillin  L3  plate.  Using  a 
nitrocellulose  filter  aeabrane,  we  covered  the  plate  and  incubated  it 
overnight  at  37°C.  Then  we  processed  the  filter  aeabrane  according  to  the 
aethod  of  Southern  CIO].  Before  initial  hybridization,  we  placed  the  filter 
aeabrane  in  3  x  SSC  at  £5®C  overnight.  We  undertook  initial  hybridization  at 
42'^C  for  5  hours  (initial  hybridization  fluid:  6  x  SSC,  0,05%  scorched  sodiua 
phosphate,  1  x  Oenhardts  solution,  0.5%  SDS,  100  U9/>1  denatured  fish  semen 
OKA)  .  Hybridization  was  carried  out  for  20  hours  at  42®C  (the  hybridization 
li<;uid  was  similar  to  the  initial  hybridization  liquid,  except  that  it  did  not 
contain  SDS,  and  probe  aaterial  was  added  to  a  concentration  1x10*  cpa/al. 
After  hybridization,  there  were  two  washings  at  42*C  in  6  x  SSC  and  0.05% 
scorched  sodiua  phosphate  and  two  washings  at  42*C  in  2  z  SSC  and  0.1%  SDS; 
after  drying  at  '•ooa  temperature,  we  iapleaented  autoradiography. 

4.  In  situ  colony  radioiaaune  assay  and  Western  blot  analysis. 

(a)  Preparation  cf  3.  thuriagiensis  crystal  protein  antisera  adsorbed 
using  a.coli  and  its  bacteriolytic  fluid:  450  el  of  pBRata/HBtoi  cells 
incubated  overnight  and  0.3  ml  of  7404  crystal  protein  antiserum  aixed 
together  were  suspended  in  100  ml  of  PSS  (137  aaol/L  KaCl,  2.7  maol/L  ICCl,  4.6 
amol/h  MaaHPOa,  and  1.5  amoI/L  XHiPOa)  and  left  overnight  at  4*C.  After  8,000 
rpa  c'ntrifuglng,  the  supernatant  was  extracted.  To  another  450  al  batch  of 
p3Rjta/HBi«i  cells  that  was  incubated  overnight  was  added  50  al  of  splitting 
fluid  (0.05  aol/L  Trls-9Cl  pH  7,5,  12.5  ag  bacteriolytic  enzyme);  this  was 
■  ixed  evenly  and  left  for  30  ainutts  at  rooa  taaperature,  put  on  ice  for  1 
hour,  and  then  ftrczon  and  aelted  three  tiaes  and  centrifuged  20  ainutes  at 
3,000  rpa;  the  supernatant  was  extracted.  To  33  al  of  each  of  these  two  kinds 
of  supernatant  was  added  33  al  of  PBS;  after  even  aixing  it  was  left  at  4*0 
overnight.  After  20,000  C  centrifuging  at  4*C  for  1  hour,  the  supernatant  was 
recovered,  and  icept  ready  for  use  at  4*C.  The  plaiaa  dilute  after  adsorption 
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(b)  la  situ  colony  radioiaaune  assay:  As  for  the  ia  situ  colony 

hybridization,  tha  colony  is  reiaprinted  on  a  nitrocellulose  aeairane  and 
incubated  overaiffht  at  37°C.  Then  it  is  subjected  to  slight  iaproveaent  with 
reference  to  the  aethod  of  Erlich  et  al.  [11].  After  that,  bacteriolytic  and 
iaaune  reactions  are  undertaken.  For  the  iaaune  reaction,  we  placed  the 
filter  aeabrane  with  the  colony  in  ?3S  containing  1%  BSA  and  3.  thuriaffiensis 
crystal  protein  ancisera  diluted  to  1:2,000  (after  pBRa* j/r. coii  HBiot 
adsorption)  and  vibrated  it  far  2  hours  at  rocs  teaperature,  causing  the 
colony  to  adsorb  the  antisera.  After  washing  the  filter  aeabrane  with  PBS 
four  times,  we  placed  the  filter  aeabrane  in  PBS  that  contained  1%  BSA  and 
lG*c?a/al  of  protein-A  that  had  been  aarbed  using  the  aaaonia-aaine  T 

aethod  [11],  and  vibrated  it  at  rooa  teaperature  for  2  hours.  Finally,  we 
washed  it  five  times  with  PBS;  we  could  then  undertalce  autoradiography. 

(c)  Western  blot  analysis:  We  prepared  the  clone  bacteria  general 
protein  saaple  in  accordance  wlch  the  aethod  of  Thorne  et  al.  [12].  The  SCS- 
polypropylene  acyl  aalse  gel  electrophoresis  of  the  protein  was  carried  out 
according  to  the  aethod  of  Laeaali  [13],  except  thet  we  used  e  10% 
polypropylene  acyl  aaiae-SDS  linJeing  gel.  After  electrophoresis,  with 
reference  to  the  aethed  of  Towbln  et  al  [14],  we  transferred  the  protein 
el-ictrophorcsis  strip  to  the  Z-probe  aeabrana.  The  transfer  buffer  solution 
was  2S  aaol/L  Tris  and  192  aaol/L  glycine,  with  e  p3  of  8.3.  After  transfer, 
we  placed  the  Z-probe  aeabrane  in  PBS  containing  10%  BSA  and  left  it  overnight 
at  48®C.  The  coabiaing  reaction  with  antisera  and  ‘**I-*arked  protein  A  was 
curried  out  according  to  the  aethod  described  in  the  section  on  "In  situ 
colony  radioiaaune  assay." 

5.  Biological  assay  of  cloned  bacteria  toxlc.''ty.  As  for  the  section  on 
"in  situ  colony  radioiaaune  assay,"  we  used  the  freezing  and  thawing  aethod  to 
prepare  the  cloned  bacteria  and  the  pB>«tt,'X.coii  bacter iol/eate.  Weighing 
out  30  ag  of  bacteriolysate,  we  'itdded  to  appropriate  aaount  of  distilled  water 
to  dissolve  it,  and  added  it  to  aao-aade  feed  (O.B  X  O.S  X  0.1  ca^ )  .  This  w# 
fed  Individually  to  10  socond-atige  caterpillars  of  the  tobacco  budwora 


ileliothis  dssulti);  or  saeared  ic  ca  the  surface  of  SCO  ag  of  corn  leaves  and 
fed  It  to  20  third-stage  speciaens  of  Leuca  separta.  We  set  up  a  control  with 
an  equivalent  amount  of  paRsai/HBtoi  bac: eriolysate.  After  72  hours  of 
observation  we  recorded  the  growth  and  aortility  conditions  of  the 
expariaeatal  insects.  i»e  repeated  each  set  of  experiaents  two  times. 

II.  RESULTS  AXD  DISCUSSICM 

A.  Isolation  of  B.thurisffiensis  Plasmid  and  In  Situ  Gel  Hybridization 

3.  thuriaffiaasis  has  over  20  subspecies.  The  number  of  plasmids  contained 
by  different  subspecies  shows  dissimilarities,  but  in  general  it  is  between  2 
and  12.  Their  &-endotoxin  gene  code  is  on  one  or  several  large  plasmids  [IS]. 
Ve  extracted  the  plasmid  DMA  from  B.thariagiaaaiM  HO>i  and  7404  according  to 
the  method  described  by  frcnstad  [6]  for  extracting  largo  plasmids.  Plate  I-A 
[vrinslator ‘s  note:  Plate  «as  sot  included  in  the  material  p.ovided.  but 
cciuents  on  the  plate  can  be  found  on  page  14}  shows  the  electrophoresis  for 
these  two  kinds  of  plasaius.  As  shown  in  the  figure,  the  electrophoresis  of 
plasmid  DMA  extracted  from  HI)>t  has  at  least  ten  relatively  clear  plasmid 
strips  (shown  by  "I”  in  plate  I-A;  its  size  and  number  are  comparable  with  the 
results  obtained  by  fronstad  et  al.  (6}.  "O'*  In  plate  I-A  shoos  the 

electrophoresis  of  7404;  it  has  at  least  seven  plasmid  strips.  The  plasmid  of 
7404  and  HO-t  are  basically  tisilar;  the  difference  is  only  that  at  locations 
4.R  Md  and  30  Md  Rb-i  has  two  strips  while  7404  only  has  one  strip;  at  about 
ISO  Kd,  HD-f  has  one  plasmid  strip  and  7404  has  two  plasmid  strips.  The 
results  of  in  situ  gel  hybridization  autoradiography  are  provided  in  plate  I- 
D.  showing  that  the  large  plasmids  47  Kd  and  ISO  Hd  have  an  obvious 
hybridization  with  the  **p-marked  synthetic  probee  ("2"  in  plate  I-D) .  This 
approeches  the  results  of  Kronstad  at  al.  (11,  sic];  The  results  of  Kronstad 
l.iclude  the  appearance  at  location  47  Kd  of  two  hybrid  strips  (approximately 
44  Md  and  47  Kd),  while  the  results  of  this  paper  only  show  one  strip.  This 
may  be  because  the  aolacular  weight  of  these  two  plasmids  are  similar  and 
cannot  be  separated.  In  7404  plasmid  OMA  there  le  one  hybridized  strip  (47 
Hd,  "3"  on  plate  I-O) :  this  shows  that  the  A-endotosio  gene  of  7404  is  very 
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jcssibly  carried  by  tbe  47  Xd  plasaid.  Tie  DMA  probe  and  pBi^aii  shew  ao 
bybridization  ("1"  oa  plate  I-D) ,  aad  la  the  electrophoresis  caly  the  lightly- 
dyed  strip  3D-1  150  Md  large  plasaid  appears  to  feature  visible  hybridisation 
!"1“  ia  Plate  I-D).  This  fact  shews  that  the  synthetic  jsne  probe  has  an 
idiosiTicratic  nature.  Plates  I-A  and  I-D  are  the  saae  gel;  the  difference  ir. 
the  size  of  the  photographs  is  a  result  of  different  enlargeaent  factors. 

B.  Isolation  aad  Cloning  of  Sar^Tie  Sections. 

The  5-endctoxia  of  S.thiiriagiessi*  ^.s  generally  about  4  kb  [16,  17].  In 
order  to  obtain  a  ccap^ete  toxic  protein  gene,  «e  used  SausAi  on  7404  and  3D.i 
plasald  DMA  to  undertake  partial  digestiwn.  Then  «e  undertook  isolation  oa 
the  partially  digested  fragaents  using  the  'i-40%  sucrose  gradient  centrifugal 
Method.  Plate  I-C  shoes  the  Ik  agarose  electrophoresis  of  scattered  collected 
saaples  after  centrifuging;  the  distributioa  fro«  large  to  ssall  of  the  enzyae 
sections  is  rather  even,  and  it  can  he  seen  that  the  partial  diyastion 
reaction's  •'icditloes  are  suitable.  Tortions  containing  fragienta  larger  than 
4  kb  were  pooled  and  the  IMA  eas  iecoeered  by  ethanol  precipitation  (lane  15 
in  plete  I-C) . 

The  DMA  saeples  larger  than  4  kh  recovered  by  sucrose  gredienC  were  eixed 
at  J:1  with  5'  end  dephoepborized  pSXait  S%«  91  digested  fragaents;  linking 
was  undertaken  with  T4  DMA  linking  enzyees,  and  chen  i.eoli  38iat  eensitlT# 
state  cells  were  traneforeed.  F'-ob  about  5, COO  A»p^  3D-i  5-endotojr.in  gene 
donee,  1,750  clones  sensiti-.e  to  tetracyclioe  were  obtained;  fro*  about  6,000 
hep''  7404  i-endocosin  gene  donee,  1,750  donee  also  f»)nsitirs  to  tetrscycline 
were  selected.  By  neans  of  rapid  plasaid  eaapling  extraction  end 
electrophoretic  teeviag,  it  *aa  d.jcoweied  that  the  aejority  of  clones 
sensitive  to  tetracyclioe  carried  plasaids  into  which  had  been  inserted 
extraneous  DMA  larger  than  I  kb. 


C.  la  Situ  Coloay  Hybridizatica. 

'»!•  undertoo*  la  situ  colcay  hybriiiiatioa  witb  **p-aar)ted  o-eadotoxin 
;eue  probes  on  clcaai  seasitive  to  tetracycline.  Plate  !-£  shows  the  results 
of  la  situ  hybridization  autoradiography  for  7404  5-eadotoxia  gene  clones. 
Although  the  non-s pacific  hybridization  produced  a  relatively  deep  background 
;this  aay  be  because  the  initial  washing  of  nitrocellulose  leibraaes  bearing 
colonies  was  insufficient,  or  because  after  hybridization  they  were  not  washed 
thoroughly),  nevertheless  the  positive  hybridization  and  the  non-specific 
h/br idi latlon  colonies  featured  obvious  differences,  the  clones  of  HD-i 
laseid  DMA  fragsents  also  had  similar  obvious  in  situ  colony  hybridiration 
results  (unpublished  ■ateriai).  After  the  above  hybridization,  113  positive 
hybridization  clones  ware  selected  from  1,750  7404  clones  sensitive  to 
t « t r icyclint ;  and  50  positire  hybridization  clones  were  selected  fron  1,750 
:0-clcnes  sensitive  to  tetracycline. 

1.  In  litu  Colcny  Badioinnune  Assay  and  'Western  Blot  Analysis 

la  preparing  Cae  sxperlnent,  w«  discovered  that  Che  a. fhuringieasis  7404 
'ryetal  protein's  entisera  were  also  able  to  generate  iuune  reactions  with 
£.,o2i  iiBi*!  or  3Bt«>  bact erlolysetes  with  pBX112.  This  greatly  affected  the 
specific  nature  of  the  laaune  reaction.  This  Itind  of  non-specific  reaction 
say  be  a  reeult  of  the  presence  of  t.coli  antibodies  In  the  rabbits  used  to 
■r'-duce  tbe  antisera.  The  uee  of  p8*j 1 1 /X. coii  R8i«i  cells  and  their  cell 
splitting  supernctanC  in  sequence  with  the  7404  crystal  protein  antisera  alxed 
*:  :getber  to  adsorb  the  A.coij  antibodies  in  the  aotlssra  is  thus  able  to 
e'lainate  this  non-specifir  reaction  (refer  to  Flate  I-f  end  G) . 

elate  I-f  shows  the  lesults  of  undertaking  the  in  situ  colony  radioiaaune 
aiiay  on  the  sbove-descr ibed  positive  hybridization  for  7404  crystal  protein 
iC-i.iera  end  ‘••I-aerted  protein  A.  froa  tbe  7404  5-endotoxln  gene  clones  of 
*  e  in  situ  colony  positive  hysridiiatlon  sere  selected  74  positive  iaaune 
roiction  clones;  in  the  Ptae  way,  20  poeitive  iaaune  reaction  clones  were 
telacted  froa  the  !T0< ■  cljnea.  In  the  autoradiography,  the  difference  in  the 
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depth  of  the  stains  of  the  positive  clones  perhaps  reflected  the  difference  in 
the  level  of  the  5-endotoxin  ^ene  reached  in  each  clone.  It  say  also  be 
because  of  the  difference  in  the  number  of  cells  in  each  colony.  For  this 
reason,  it  can  only  be  regarded  as  a  qualitative  assay.  It  was  also  possible 
to  undertake  immune  reactions  for  the  7404  crystal  protein  antibodies  with  HD- 
1  endotoxin  gene  clone  strains;  this  showed  that  the  toxic  proteins  of  these 
two  kinds  of  bacteria  feature  a  similar  antigen  determinant  cluster. 

Plate  I-B  is  the  electrophoresis  of  the  positive  immune  reaction  portion 
of  cloned  plasmid  DNA.  Analysis  of  the  other  positive  immune  cloned  plasmid 
electrophoresis  also  produced  similar  results,  showing  that  all  positive 
immune  clones  have  extraneous  DHA  insertions  larger  than  d  kb.  Therefore, 
these  clones  may  carry  intact  5-endotoxin  genes  or  at  least  the  relevant 
portion  of  coded  antigen  genes. 

In  order  to  compare  corresponding  amounts  and  molecular  weight  of  all 
immune  positive  clones  expressing  5-endotJXin  proteins,  we  used  the  cell 
splitting  material  of  each  clone  to  undertake  SDS-polypropylene  acyl  amine  gel 
electrophoresis  and  Western  blot  analysis.  After  electrophoresis,  we  used 
kaomasi  [transliteration]  bright  blue  dye;  it  was  possible  to  see  in  the 
electrophoresis  that  several  clones  had  a  weak  toxic  protein  dye  strip.  This 
is  explained  by  the  fact  that  5-endotc..in  genes  are  expressed  rather  weakly  in 
E.coli.  We  transferred  the  protein  strip  in  the  gel  by  electrophoresis  to  a 
2.-probe  membrane,  and  undertook  radioimmune  assays.  The  results  showed  that 
there  were  four  clones  that  produced  very  deep  autoradiographs  in  the  in  situ 
radioimmune  assay  that  likewise  were  able  to  form  specific  immune  reaction 
strips  in  tne  Western  blot.  Their  molecular  weight  was  the  same  as  for  7404 
toxic  protein  (130  k) .  These  four  clones  were  HD-t  toxic  protein  gene  clones 
THtz  and  TH4i  and  7404  toxic  protein  gene  clones  TKat  and  TXiot.  Plate  I-O  is 
the  Western  blot  autoradiography  including  these  four  clones.  It  can  be  seen 
that  the  toxic  protein  of  one  7404  clone,  TKiia,  expression  amount  is  too 
small  to  be  detected  on  the  autoradiograph;  the  TKtt  and  TKto?  expression 
amounts  were  small*  and  the  TKa«,  TKios,  TBit  and  TB4«  all  had  obvious  toxic 
protein  strips.  The  TB4*  toxic  protein  also  bad  a  certain  splitting. 
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producing  about  65  kd  of  polypeptide.  The  5-endotoxin  proteins  expressed  by 
these  clones  were  all  in  the  range  of  about  130  kd,  the  saae  as  for  the  toxic 
protein  molecular  weight  of  7404  and  HD-i.  Because  the  samples  used  for 
electrophoresis  were  the  supernatant  of  the  cloned  bacterial  cells’  splitting 
product,  although  the  wolume  used  was  the  same  in  all  cases  (6  pi), 
nevertheless  we  did  not  measure  the  density  of  the  protein,  so  only  a  relative 
comparison  is  possible. 

S.  Biological  Assay  of  Cloned  Bacteria  Toxicity. 

The  results  of  assays  of  toxicity 
on  E»liothiB  asjulfa  and  Leuca  separta 
(Table  1,  Fig.  1)  show  that  the  THit  and 
TH4S  cloned  bacteria  toxic  protein  genes 
are  expressed  rather  well,  and  bad  a 
strong  toxic  effect  on  the  experimental 
insects;  the  expression  of  TIU*  was  not 
so  strong  as  THts  and  TH4«,  but  still 
killed  a  small  percentage  of  the 
insects,  and  clearly  produced  the 
phenomenon  of  growth  inhibition.  The 
body  weight  of  the  surviving  TKet 
L.aaparta  specimens  warn.  1/3  the  weight  of  the  pBtsas/BBtai  control  group.  The 
T)U«  group  also  had  a  clear  growth-inhibiting  effect  on  B.aaaulta  (data  not 
yet  measured).  Although  the  number  of  specimens  was  quite  large,  the  food 
intake  of  the  experimental  group  of  larva  was  very  small  before  the  occurrence 
of  the  toxic  reaction,  after  which  food  intake  ceased.  Initial  estimates  are 
that  the  toxicity  of  the  toxic  protein  produced  by  cloned  bactwria  is 
comparable  to  the  toxicity  of  the  original  B.tburiagiaoaia  crystal  protein. 

The  results  described  above  are  explained  by  the  fact  that  the  HD-i  and 
7404  toxic  protein  gene  has  been  cloned  and  is  able  to  express  protein  with 
biological  activity. 


Table  1.  Toxicity  assay  of  clones. 


THi* 

TUm  TXm 

pBiUas/HBtsi 

(»■> 

,  -  ' 

Ifote:  means  strongly  toxic  to 
insects  tested;  -  means  non-toxic  to 
insects  tested.  Key:  (1)  Control. 
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Fig.  1.  Toxicity  assay  of  dons  TXat  carrying  5>sndotoxin  gsns  cf 
a.thuriaffitoMis  7404.  A.  Larva#  of  B.sssultM  f«d  with  dist  containing  lysats 
preparation  of  pBR322/2’. coii  HBict;  B.  Larva#  of  E,*ssu2t*  fed  with  dist 
containing  lysats  of  preparation  of  cions  TKat.  (Pictures  vers  taken  after  48 
hours  feeding  on  the  dist) . 
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EXPLANATION  OF  PLATE 

A.  Gel  electrophoresis  of  CsCl  gradient  purified  Bacillus  thuriaffisaais 
plasaid  DNA  on  0.8%  agarose  gel. 

Lane  1.  pBR322. 

Lane  2.  Plasnids  fro*  B.T.  subsp.  kurstaki  HU-t  . 

Lane  3.  Plasnids  froa  B.T.  subsp.  keayas  7404. 
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The  numbers  on  the  left  indicate  the  sizes  in  Mdal  of  3.T.  HD-i  plasmids. 
The  white  dots  on  the  right  of  lane  2  and  3  indicate  the  plasmids 
hybridized  with  probe  in  D. 


Gel  electrophoresis  of  some  recombinant  plasmids  from  colonies  with 
positive  reaction  in  radioimmune  screening.  "TK"  designates  the  clones 
of  5-endotoxin  gene  of  B.T.  subsp.  ieayae  7404.  "TH"  designates  the 
clones  of  5-endotoxin  gene  of  3.T.  subsp.  kurstaJti  HD-i. 

Lanes  1-5:  Clones  TX*^,  TXiii,  TX?*,  TX*3,  TK37. 

Lanes  6-12:  Clones  THjo,  Ta*^,  T344.  TH37,  TH33,  THs*  and  Tih*. 

Lanes  13  and  14:  pPSST34is,  a  plasmid  of  10.5  Kb  in  size  and  pBRsaa 
respectively  used  as  MV  markers. 

Lanes  15-13:  Clones  THu ,  THis,  TH13,  T3i*. 

Lanes  19-23:  Clones  THa ,  TK»t,  TKut,  THi ,  TK**. 


Gel  electrophoresis  of  CNA  fzagments  of  SauaAi  partial  digested  B.T. 
subsp.  kenyae  7404  plasmid  DMA  in  different  fractions  of  sucrose 
gradient. 

Lane  1:  A -Hind  III  marker. 

Lane  2:  Plasmid  DMA  from  B.T.  subsp.  7404. 

Lane  3:  The  same  plasmid  as  in  lane  2,  but  partially  digested  with 
SauaAi . 

Lanes  4-14:  DMA  fragments  in  different  fractions  of  sucrose  gradient. 
Lane  15:  DMA  fragments  from  pooled  fractions  containing  fragments 
larger  than  4  kb. 


In  situ  hybridization  of  agarose  gel  from  A  as  described  in  Materials  and 
methods.  Samples  in  lane  1,  2  and  3  were  the  same  as  that  in  A.  The 
numbers  on  the  right  indicate  the  size  of  plasmids  hybridized  with  *’p- 
labelled  5-endotozin  gene  probe. 


In  situ  colony  hybridization:  Colonies  on  nitrocellulose  membrane  were 
hybridized  with  **p-labelled  probe  and  autoradiographed. 


In  situ  colony  radioimmuno-assay;  Colonies  hybridized  with  **p-probe  in 
E  were  incubated  with  antisera  against  5-endotoxin  of  B.T.  7404  and  »*•!- 
protein  A  and  autoradiographed. 


Western  blot  analysis  of  proteins  produced  in  5-endotoxin  gene  clones. 
1-9:  Lysate  of  clone  TH»i,  TH4a,  TlUt,  TKjn.  TKioi,  TXiot,  TK.«, 
pBRsit/HBtai  and  5-endotoxin  of  B.T.  7404. 

The  numbers  00  the  right  indicate  the  sizes  of  protein  molecular  weight 
of  5-endotcxio. 
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ABSTRACT 


DMA  of  the  heat-labile  enterotcxin  (LT)  plasmid  pJYn 
originating  from  B10407,  an  enterotoxigenic  Escherchii  coli  human 
strain,  was  digested  to  completion  with  Pstl.  The  location  of  the 
LT  region  on  this  plasmid  was  determined  by  means  of  Southern 
hybridization  after  electrophoreticall?  separating  the  resultinc 
fragments.  The  5.3  kb  LT-encoding  fragment  determined  in  the  above 
hybridization  experiment  was  then  recovered  and  subsequently  ligated 
to  pUC«  7NA  predigested  with  Pstl.  After  transformation  and 
selection,  a  clone  that  efficiently  expressed  LT  was  obtained. 
Biological  and  immunological  assays  showed  that  LT  produced  by  this 
clone  was  biologically  and  immunologically  identical  to  that  by  the 
parental  strain,  and  LT  production  level  of  this  recombinant  strain 
was  16  times  higher.  Key  words:  ETEC;  neat-labile  enterotoxin; 
cloning  and  expression. 


Enterotoxigenic  Escberebi*  coli  (ETEC)  is  an  important  pathogenic 
bacterium  causing  infantile  diarrhea  and  traveller's  diarrhea.  Its  toxic 
factors  are  chiefly  its  adhesive  element  and  its  enterotoxic  element.  After 
ETEC  has  invaded  the  human  body,  it  first  established  residence  in  the  upper 
tracts  cf  the  small  intestine,  and  then  secretes  enterotoxins,  inducing 
diarrhea. 


Translator's  notes: 

For  bibliographic  references,  see  page  22. 

For  explanations  of  the  plate  (not  included],  see  page  23. 

Motes  in  original: 

Mao  Li  and  others  provided  great  assistance  in  the  cytological 
experiments;  Zhang  Zhaoshan  and  others  provided  beneficial  guidance  in 
this  work.  At  this  time  w#  wish  to  thank  them  ail. 
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The  heat-labile  enterotoxin  (LT)  of  ETEC  is  composed  of  one  A  subunit 
with  an  activation  effect  on  glandular  glucoside  acid  ring-forming  enzymes  and 
five  B  subunits  with  a  combining  effect  [1] ,  It  has  been  verified  that  the 
original  immunological  nature  of  ETEC  pathogenic  strains  isolated  in  different 
regions  is  completely  identical.  The  LT  genes  of  human  and  swine  ETEC  also 
have  a  broad  similarity  in  their  original  nature  [2,3]. 

The  Japanese  scholar  Yamamoto  et  al.  were  the  first  to  report,  in  1980, 
the  cloning  of  the  human  ETEC  LT  gene;  he. also  undertook  studies  of  its 
structure  [1,4].  But  it  was  in  China  that  the  molecular  genetics  and 
epidemiology  of  ETEC  were  to  be  studied  in  depth.  On  the  basis  of  the 
isolation  and  purification  of  the  S.ccli  H10407  LT  code  plasmids,  we  achieved 
cloning  and  expression  of  its  LT  gene.  The  toxic  gene  clone  obtained  not  only 
provides  assistance  in  the  survey  of  ETEC  epidemiology,  but  also  has  laid  a 
foundation  for  immune  protection  for  traveler's  diarrhea. 

I.  MATERIALS  AMD  METHODS 

A.  Materials 

1.  Bacteria  strains:  S.coli  JMa>  (ara,  Alaepro,  strA,  thi, 

<4’80dlacZ  MIS) was  the  intestinal  bacillus  Kn  receptor  bacterium.  S.coli 
20SO  (pJYii)  was  the  bacterium  strain  carrying  the  S.coli  H10407  LT  coda 
plasmid,  kindly  provided  by  Dr.  T.  Yamamoto  of  the  Shuntiantang 
[transliteration]  University  in  Japan.  S.coli  H10407  is  the  internationally 
recognized  standard  strain  of  human  ETEC.  S.coli  JMas  (pUC«)  is  the  carrier 
plasmid  pUCe  carrier  strain. 

2.  Bacteria  culture  medium:  Common  LB  culture  medium;  toxin  production 
culture  base,  prepared  according  to  the  Uterature  [5];  and  NacConkey  lactose 
culture  medium,  a  product  of  the  Acadeey  of  Military  Medical  Sciences 
Laboratory  Humber  S. 


2.  Restricting  endonuclease  etc.:  EcoRI,  Hind  III,  PstI,  Xbal  I  T4DNA 
ligation  enzymes  ware  products  of  the  Huaaei  Biological  Engineering  Company. 
The  low  melting-point  agarose  IPTG  was  a  product  of  the  Sigaa  Company.  The  LT 
antisera  were  purchased  from  the  Shanghai  Sanitation  and  Epidemic  Prevention 
Station.  The  **P-«ar):ed  swine  ETSC  LT  gene  probe  was  supplied  by  Assistant 
Professor  Yu  Shouyi  of  the  First  Military  Medicine  University. 


3.  Methods 


1.  The  preparation  of  the  DMA  and  the  construction  and  analysis  of  the 
recombinant  plasmid:  Extraction  of  the  plasmid  DMA  was  undertaken  according 
to  a  modified  Birnboim  alkali  transformation  method  [6].  For  the  digestion  of 
restricting  endonuclease  and  DMA  external  ligation  and  agarose  gel 
electrophoresis,  see  the  method  described  in  reference  [3].  Transformation  of 
the  DMA  was  carried  out  according  to  the  method  of  Mandel  and  Higa  (1970). 
Southern  nucleic  acid  imprinting  technology  was  carried  out  by  the  method  of 
E.  Southern  (7].  For  DMA  fragment  recovery,  we  used  the  low  melting-point 
agarose  method. 

2.  The  LT  semifinished  product  preparation  and  the  passive  irrune 
hemolysis  (PIH)  test:  Carried  out  per  reference  iB]. 

3.  Testing  of  toxic  biological  activity:  The  domestic  rabbit  intestinal 
ligated  loop  assay  and  Chinese  hamster  ovary  (CHO)  cell  assays  were  carried 
cut  according  to  references  (9]  and  [lOJ ,  respectively. 

II.  RESULTS  AMD  DISCUSSIOII 

A.  Position  Fixing  of  LT  Gene 

After  completely  digesting  purified  LT  encoded  large  plasmid  pJYn  with 
restricting  enzyme  PstZ,  we  loaded  it  on  0.7%  agarose  gel.  Using  the  Tris- 
bnric  acid  buffer  system  with  a  voltage  of  10  V/cm,  we  carried  out 
electrophoresis  for  3  hours  to  Isolate  the  DMA  fragments.  Using  0.5  mol/L 
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HaOH,  after  transforaing  the  -KA  fragments  on  the  agarose  gel,  we  used  the  E. 
Southern  method  to  transfer  it  to  a  nitrocellulose  aeabrane.  Then  we 
hybridized  it  with  a  swine  ETZC  L"  gene  probe  [11]  (containing  a  portion  of 
the  A  subunit  position  and  all  B  subunit  position  code  sequences) .  The 
results  showed  (Plate  I-l)  that  the  pJYn  third  PstI  strip  was  able  to 
hybridize  with  the  probe.  Further,  the  experiaent  verified  that  these 
fragments  were  all  about  5.3  )cb.  It  showed  that  the  LT  gene  was  positioned  on 
a  5.3  )cb  PstI  fragment  of  the  pJYit  plasaid. 

B.  Cloning  of  the  LT  Gene 

Using  PstI,  we  completely  digested  pJYn  plasmids  carrying  LT  genes;  then 
we  loaded  them  on  0.7%  low  melting  point  agarose  gel  and  undertook 
electrophoresis  isolation.  After  dying  with  0.5  pg/ml  of  ethidium  bromide,  we 
excised  the  third  PstI  strip  under  a  long  wave  ultraviolet  lamp.  After 
melting  the  gel  entirely  at  65‘’C,  we  performed  phenol'  extraction  and  alcohol 
precipitation.  Ve  mixed  0.3  pg  of  the  recovered  CMA  with  0.5  pg  of  pUCtDHA 
which  had  previously  been  completely  digested  with  PstI,  and  performed 
ligation  at  14^C  with  T40)fA  ligation  enzyme  for  13  hours.  The  ligated 
compound  was  used  for  the  transformation  of  sensitive-state  S.coli  J?l«3  cells. 
On  a  KacConkey  lactose  culture  medium  plate  (containing  100  pg/ml  ammonia 
benzyl  penicillin;  further,  10  pi  of  0.1  mol/L  IPTG  solution  was  smeared  on 
the  plate  surface),  we  selected  100  strains  of  anti-ammonia  benzyl  penicillin 
white  colonies  featuring  extraneous  DMA  inserts.  Ve  randomly  extracted  42 
strains  and  undertook  passive  immunity  hemolysis  (PI3)  testing.  The  results 
were  that  23  strains  were  PIB  test  positive.  The  SPA  coordinated 
agglutination  results  were  identical  with  those  of  the  PIB  test.  From  the  23 
PIB  positive  strains,  we  extracted  10  and  undertook  plasmid  analysis,  showing 
that  the  plawmids  carried  by  all  strains  were  larger  than  the  carrier  PUC# . 

The  explanation  surely  is  that  they  have  extraneous  DBA  insertions.  The 
plasmid  of  purified  recombinant  S.coli  JNei  (pCBPn),  after  complete  PstI 
enzyme  dissection,  bears  out  that  it  is  possible  to  produce  5.3  kb  and  2.7  kb 
fragments.  After  transformation  of  this  DBA  on  agarose  gel,  we  used  the 
Southern  method  to  transfer  it  to  e  nitrocellulose  filter  membrane;  only  5.3 
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kb  fragaeats  were  able  to  hybridize  with  the  swine  ETEC  LT  gene  probe.  The 
explanation  is  that  pCHPxi  is  surely  a  recoabinant  plasaid  with  the  insertion 
of  a  5.3  kb  LT  fragment.  The  other  type  of  fragment  produced  by  digestion  is 
a  carrier  pUCg ;  therefore  it  is  not  able  to  hybridize  with  the  LT  probe.  In 
addition,  we  undertook  EcoRI,  PstI,  and  Xbal  enzyme  unitary  and  crisscross 
enzyme  dissection  analysis  on  pCHPxi,  using  the  DMA  fragments  produced  by 
X  CNA  via  EcoRl  and  Hind  III  digestion 
as  the  molecular  weight  standard.  Ve 
measured  the  size  of  each  fragment 
produced;  results  are  shown  on  Plate 
I-l.  The  construction  of  pCHPji  is 
shown  in  Fig.  1. 
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C.  LT  Gene  Expression 

The  results  of  restriction  analysis 
and  Southern  nucleic  acid  imprinting 
show  that  pCHPti  is  surely  a  recombinant 
plasmid  carrying  an  LT  gene  fragment. 

But  what  are,  in  fact,  are  the 
conditions  in  which  pCBPit  expresses  LT 
in  the  host  bacterium?  To  answer  this, 
we  undertook  semiguantitatiTe 
measurement  of  the  LT  produced  by  the 
rtcombinant  t.coli  JtUt  (pCHPai).  The 
results  of  the  passive  immune  hemolysis 

experiment  (Table  1)  show  that  this  cloned  stiain's  LT  production  is  16  times 
as  great  as  that  of  its  parent  strain,  t.coli  BI0407. 


fig.  1.  Schematic  diagram 
construction  of  pCHP»i.  E: 
P:  PstI;  X:  Xbal. 


for  the 
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Using  the  Chinese  hamster  ovary  cell  assay  and  the  adult  rabbit 
intestinal  ligated  loop  assay,  we  undertook  biological  activity  testa  on  the 
LT  pri d’lced  by  the  LT  clone  strain.  Activated  LT  causes  the  Chi.’iese  hamster 
ovary  cells  to  undergo  morphological  rhanges,  showing  noticeable  changes  in 


length.  In  the  raibit  intestinal 
ligated  loop  assay,  activated  LT 
causes  the  intestinal  section  treated 
with  that  toxin  to  produce  noticeable 
accuxulations  cf  fluid  (greater  than 
lal/ca) .  The  results  of  the  tests 
(plate  1-2  and  1-3)  show  that  the 
crude  toxin  preparation  of  S.coli 
JXaa  (pCH?3j)  and  the  culture 
supernatant,  like  the  S.coli  H10407, 
are  all  able  to  cause  cells  to 
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produce  positive  xorphological  changes,  and  at  the  sane  tine  to  produce  a 
fluid  accuaulation  in  intestinal  segaents  treated  with  toxin  preparations. 

The  S.coli  JMms  (PUC«)  culture  supernatant  used  as  a  control  was  not  able  to 
induce  the  above  changes,  further  experiaentation  showed  that  the  above  toxic 
effect  can  be  neutralized  by  LT  antiserua  specificity  or  destroyed  by  boiling 
at  100*C  for  10  ainutes.  The  explanation  is  surely  that  the  aorphological 
changes  of  the  cells  is  induced  by  heat ‘labile  enterotoxin. 


used  external  LNA  recoabination  technology  to  isolate  the  LT  gene  froa 
S.coli  H10407  LT  code  plasaid  pJYj i ,  and  inserted  it  into  the  unitary  PstI 
position  of  the  pUC«  carrier.  The  LT  produced  by  the  recoabinant  product  had 
coaparable  iaaunity  and  biological  activity  as  that  produced  by  the  parent 
strain  9i*t;  further,  its  level  of  expression  was  lb  tiaes  that  of  the  parent 
strain's.  Because  the  LT  gene  fragments  in  recoabinant  plasaid  carry  a 
activator  (IPTG  exhibits  a  non-induction  effect  with  regard  to  the  cloned 
strain  LT) ,  we  deduce  that  the  elevation  of  the  LT  expression  level  is  a 
result  of  the  increase  in  the  recoabinant  plasaid  copy  nuaber.  That 
constructed  by  our  laboratory  expresses  the  swine  dysentery  epideaic  vaccine 
strains  of  two  antigens,  XSSac  and  LT-B.  Large  scale  experiaentation  shows 
that  they  have  a  rather  good  protective  effect  (12].  for  this  reason,  the 
recovery  of  huaan  LT  gene  clones  will  necessarily  provide  an  effective  tool 
for  iaauoizatioo  protection  against  CTTC  and  for  epidoaiological  studies.  Ve 
have  constructed  the  recoabinant  plasaid  pCHPis  of  LTA-B  (with  2.0  kb  LT-B 
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;ene  fraTsents,  •««  plats  1-1} ,  and  obtained  a  level  of  expression  siailar  to 

S.coli  JtiMi  (pCBPxi).  it  th«  saae  tiae,  because  of  the  increase  in  the  level 
of  expression,  the  aaount  of  L7-B  antigen  secreted  to  the  exterior  of  the  cell 
is  also  increased  correspondingly;  for  this  reason,  it  is  to  be  hoped  that  it 
can  be  used  in  the  construction  of  effective  kinds  of  toxin  vaccine  strains. 
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IXPLMATIO*  OF  PUTT 


Results  of  Soutiiern  hybrldiiatioa  ud  restilction  analysis  of  recoabisant 
plasaid  pCHPti. 

A.  Ethidiua  brcaide  stained  ^el. 

a.  ?stl-di3ested  p03?ii  EKA. 

b.  Pscl-digested  pJYn  DNA. 

3.  Results  of  joutbera  hybridizatioa  of  the  saae  gel. 

C.  Result  of  restriction  analysis  of  recoabiaant  plasaid  pCHPu. 

a.  pCZPji  ♦PstI 

b.  pCHPii  '^Zbal 

c.  PC2?n  ♦KcoRI  +  PstI 

d.  pUC«  ♦  PstI 

«.  PC3Pjt  ♦  EcoRI  ♦  PstI 

f.  pC2Pii  ♦  PstI  ♦  Xbal 

g.  Laabda  DMA  *  ZcoRI  -  Bindlll 

Results  of  Chines*  haaster  oeary  cell  essay. 

A.  C30  cells  treated  with  S.coli  JKet(pUC»)  culture  supernatant. 

3.  C2Q  calls  treated  with  S.coli  JB«s<pCPPii)  culture  supernatant. 

C.  C30  cells  treated  with  LT-antitozin  neutralized  S.coli  JXss (pCBPi i ) 

culture  supernatant. 

Results  of  adult  rabbit  intestinal  ligated  loop  assay. 

A  4  E.  Intestinal  segaents  injected  with  Z.coli  JK8J(pCEPst)  culture 
supernatant. 

3.  Intestinal  segaent  injected  with  S.coli  JXe>(p(JC«)  culture 

supernatant. 

C.  Intestinal  segaent  injected  with  S.coli  leSOCpUTti)  culture 

supernatant . 

D  4  f.  Intestinal  segaent  injected  with  S.coli  JHSKpCBPit)  culture 
supernatant . 
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